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Objective: This study aimed to evaluate the effect of selenium on germination indicators
and the activity of antioxidant enzymes in wheat seedlings under salinity stress.

Method: The experiment was conducted as a factorial arrangement based on a completely
randomized design with three replications at the University of Mohaghegh Ardabili in
2022. Experimental treatments included four salinity levels (0, 50, 100, and 150 mM) and
four selenium priming levels (0, 25, 50, and 75 uM)

Results: The results showed that salinity stress decreased mean daily germination (MDG)
and seedling length (SL) but increased daily germination rate (DGR) and allometric
coefficient (AC). Seed priming with selenium increased MDG and SL. The comparison of
means showed significant differences among selenium levels, with the highest values
obtained from the 75 pM selenium treatment and the lowest from the control (without
selenium). The lowest germination coefficient (GC) was observed under the 150 mM
salinity treatment. The activities of peroxidase, superoxide dismutase, and ascorbate
peroxidase increased by 49%, 71%, and 70%, respectively, in the 75 pM selenium
treatment under 150 mM salinity compared to the control. Selenium also increased
catalase enzyme activity, with the highest catalase activity (0.469 U mg" protein min™")
observed in the 75 uM selenium treatment.

Conclusions: The results showed that seed priming with selenium, by stimulating
antioxidant enzymes and neutralizing free radicals, can reduce the harmful effects of

salinity on certain traits in wheat seedlings and improve seedling growth.
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Highlights
o Seed priming with 75 pM selenium improved germination indices of wheat seeds
under salinity.

e Seed priming with 75 puM selenium increased the activity of catalase, peroxidase,
superoxide dismutase, and ascorbate peroxidase enzymes.

Introduction

Wheat is a major diet component for humans in daily life and a major source of starch and
energy. In addition, wheat provides substantial amounts of several components that are
essential for human health (Farooq et al., 2020). Salinity is a severe problem for crop
cultivation, including wheat, causing plant growth damages by imposing deleterious effects
both through the osmotic effect of decreasing water uptake and through the specific ion effect
causing nutritional imbalance and toxicity (Munns & Gilliham, 2015; Hasanuzzaman et al.,
2021). Wheat has lower salt tolerance at the seed germination stage (Nawaz et al., 2022). In
Iran, almost 40% of agricultural land has a high concentration of salinity (MoniriFar &
Barghi, 2009). Thus, salinity is considered a serious threat in many regions of Iran, especially
in the northwest of the country. Selenium is an essential trace element for humans, animals,
and microorganisms (Hasanuzzaman et al., 2020a). Seed priming has been shown to be a
viable technique to improve germination, the growth of the radicle and plumule, and the
seedling vigor index of wheat, which gives rise to seedlings with higher quality and tolerance
to environmental growing conditions (Parera & Cantliffe, 1991; do Espirito Santo Pereira et
al., 2021). Selenium plays a key role in enhancing antioxidant enzyme activities and reducing
oxidative damage caused by salinity stress in various crops, including wheat (Lanza & Dos
Reis, 2021; Moulick et al., 2024). Previous studies have reported that selenium seed priming
improves germination indices and increases the activity of catalase, peroxidase, superoxide
dismutase, and ascorbate peroxidase under saline conditions (Nemat Alla et al., 2020; Ghazi
et al.,, 2022; Zafar et al., 2024). This study aimed to evaluate the effect of selenium on
germination indicators and the activity of antioxidant enzymes in wheat seedlings under
salinity stress.

Method

This study was conducted as a factorial experiment based on a completely randomized
design with three replications at the University of Mohaghegh Ardabili in 2022. Treatments
included four salinity levels (0, 50, 100, and 150 mM NaCl) and four selenium priming levels
(0, 25, 50, and 75 puM sodium selenite). Wheat seeds (7Triticum aestivum cv. Saein) were
surface-sterilized, primed for 6 hours at 25°C, and then germinated in Petri dishes under
salinity stress for eight days. Germination indices including mean daily germination (MDG),
daily germination rate (DGR), germination coefficient (GC), and allometric coefficient (AC)
were calculated. After nine days, antioxidant enzyme activities (catalase, peroxidase,
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superoxide dismutase, and ascorbate peroxidase) were assayed spectrophotometrically. Data
were analyzed using SAS 9.1, and means were compared by Duncan’s test at P < 0.05.

Results

The application of selenium priming significantly improved most germination indices
under salinity stress. Mean daily germination (MDG) and seedling length (SL) increased with
increasing selenium concentration, reaching their highest values at 75 pM selenium (11.69
and 23.88 cm, respectively), while the lowest values were recorded in the non-primed control
(7.88 and 10.44 cm, respectively). In contrast, daily germination rate (DGR) decreased with
selenium priming, with the lowest DGR (0.082) observed in the 75 pM selenium treatment
under non-saline conditions. The germination coefficient (GC) was highest (478.67) in the
combination of 75 pM selenium with no salinity and lowest (86.67) under 150 mM salinity
without priming. The allometric coefficient (AC) was significantly affected only by selenium,
with the highest value (1.350) at 25 pM selenium. All antioxidant enzyme activities were
enhanced by both salinity and selenium priming. Compared to the control, the combined
treatment of 75 uM selenium and 150 mM salinity increased peroxidase (POD), superoxide
dismutase (SOD), and ascorbate peroxidase (APX) activities by 49%, 71%, and 70%,
respectively. Catalase (CAT) activity also increased with selenium, reaching a maximum of
0.469 U mg'1 protein min” at 75 puM selenium, which was 2.5 times higher than the non-
primed control (0.186 U mg’ protein min™). Statistical analysis confirmed significant
interactions between selenium and salinity for DGR, GC, POD, SOD, and APX (P < 0.01),
whereas MDG and SL were independently affected by each factor.

Conclusions

Seed priming with 75 uM selenium significantly alleviated salinity-induced damage in
wheat seedlings by enhancing the activity of catalase, peroxidase, superoxide dismutase, and
ascorbate peroxidase, thereby reducing oxidative stress. These findings support the use of
selenium priming as an effective, low-cost pre-sowing strategy to improve wheat germination
and seedling growth under saline conditions, particularly in salt-affected agricultural regions
such as northwest Iran.
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Tabel 1. Analysis of variance for the effect of selenium and salinity germination indices in wheat seedling
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L o coefficient -
percentage Germination  germination rate coefficient
poels 3 1264.520™ 29.979" 0.00205686™" 188140.06™  0.087340"
Selenium (Se)
S5 3 525.576™ 7.644" 0.00100484™ 28604.14™ 0.010152™
Salinity (S)
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SexS
e 32 7.594 1.794 0.00001949 893.18 0.011548
Error (E)
(40,9 Sleid 2 3.418 13.542 436084 14.36 8.415
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ns, * and ** indicating not significant, the significant differences at 5 and 1 percent probability levels
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Tabel 2. Analysis of variance for the effect of selenium and salinity on antioxidant enzymes in wheat seedling

Mean of square ls yo . Silo

Saz »

R &yl ol S b Vil oS ;
S.0.V. 2 ) o 7 BLTIOWR SlasTy
D.F. Seedling length Catalase Peroxidase Superoxide Ascorbate
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ns, * and ** indicating not significant, the significant differences at 5 and 1 percent probability levels.
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Tabel 3. Mean comparison for the effect of selenium and salinity on studied traits in wheat
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ST 2 Germination Mean daily Allometry (el S
Salinity (mM) Percentage germination Coefficient Seedling Catalase (units mg" protein
Length(cm) min™)
0 87.67° 10.958° 1.251° 20.596° 0.296°
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The different letters in each column indicate a significant difference at 5% probability level based on duncan's test.
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Fig. 1. Mean comparison of the interaction of selenium and salinity for daily germination rate (A), germination

coefficient (B), peroxidase (C), superoxide dismutase (D) and ascorbate peroxidase (E) in wheat; The different
letters indicate significant differences at 5% probability level based on duncan's test.
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